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ABSTRACT 

Objectives: A central tenet of organised cancer 
screening is that all persons in a target population are 
invited. The aims of this study were to identify participant 
and physician factors associated with response to mailed 
physician-linked invitations (study 1) and to evaluate their 
effectiveness in an organised colorectal cancer (CRC) 
screening programme (study 2). 
Design and setting: 2 studies (study 1— cohort design 
and study 2— matched cohort design, comprising study 1 
participants and a matched control group) were 
conducted in the context of Ontario's organised province- 
wide CRC screening programme. 
Participants: 102 family physicians and 11 302 
associated eligible patients from a technical evaluation 
('the Pilot') of large-scale mailed invitations for CRC 
screening were included. Matched controls were 
randomly selected using propensity scores from among 
eligible patients associated with family physicians in 
similar practice types as the Pilot physicians. 
Intervention: Physician-linked mailed invitation to have 
CRC screening. 

Outcomes: Uptake of faecal occult blood test (FOBT) 
within 6 months of mailed invitation (primary) and uptake 
of FOBT or colonoscopy within 6 months of mailed 
invitation (secondary). 

Results: Factors significantly associated with uptake of 
FOBT included prior FOBT use, older participant age, 
greater participant comorbidity and having a female 
physician. In the matched analysis. Pilot participants were 
more likely to complete an FOBT (22% vs 8%, p<0.0001) 
or an FOBT or colonoscopy (25% vs 11%, p<0.0001 ) 
within 6 months of mailed invitation than matched 
controls. The number needed to invite to screen one 
additional person was 7. 
Conclusions: Centralised large-scale mailing of 
physician-linked invitations is feasible and effective in the 
context of organised CRC screening. 



Strengths and limitations of this study 
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INTRODUCTION 

Colorectal cancer (CRC) is the second leading 
cause of cancer-related deaths among men 



We describe the implementation of physician- 
linked invitations in an organised colorectal 
screening programme that is characterised by a 
high level of primary care physician involvement 
and that operates in a context where opportunis- 
tic screening with colonoscopy is possible. 
We have shown that centralised large-scale 
mailing of physician-linked invitations is feasible 
and effective in this context. 
We found that physician-linked mailed invitations 
improve colorectal cancer screening participation 
by 14% such that seven physician-linked invita- 
tions need to be mailed to screen one additional 
person. 

We were limited to data found in Ontario health 
administrative databases; for example, we were 
not able to determine family history. 
Findings are promising but require appropriate 
infrastructure in order to be implemented in 
other jurisdictions. . 



and the third among women in Canada/ 
Faecal occult blood testing (FOBT)^~^ and 
flexible sigmoidoscopy^"^ have been shown to 
decrease CRC mortality in randomised con- 
trolled trials. 

Given these data, organised CRC screening 
programmes^ are being implemented world- 
wide.^ On 1 April 2008, Ontario launched 
ColonCancerCheck (CCC), Canada's first 
organised province-wide CRC screening pro- 
gramme.^^ Through the primary care phys- 
ician, FOBT is offered to people at average risk 
for CRC and colonoscopy to those at increased 
risk based on family history. The CCC pro- 
gramme uses a non-rehydrated guaiac FOBT 
(Hema-Screen, Immunostics, Inc, New Jersey, 
USA) requiring samples from three separate 
stools. While there are data to suggest that 
dietary restriction may be unnecessary,^^ the 
programme recommends avoiding vitamin C 
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for 3 days prior to and during the collection period in 
order to minimise false negative results. 

Approximately 75% of Ontario residents received their 
care via a patient enrollment model (PEM) of care at the 
time of the study (2009)/^ PEMs comprise teams of 
family physicians who provide their enrolled patients with 
comprehensive healthcare and extended hours/^ PEMs 
vary in terms of structure, services provided and remuner- 
ation (varying from enhanced fee-for-service to blended 
capitation). All Ontario physicians are remunerated for 
preventive care such as CRC screening; however, PEM 
physicians are incented to a greater degree than those 
who are not in PEMs. Specifically, PEM physicians receive 
a $C7/patient fee for 'FOBT distribution and counsel- 
ing', a $C6.86/patient fee for 'CRC screening manage- 
ment' and an annual 'CRC screening preventive care 
bonus' ($C220-$C4000) depending on the proportion of 
enrolled patients who are up-to-date with FOBT (15- 
70%). The physician is entitled to the CRC screening 
management fee if the enrolled patient attends an 
appointment to discuss CRC screening, has declined the 
test verbally or in writing or if there has been no response 
after two written notices and a telephone call from the 
physician. 

A central tenet of organised screening programmes is 
that all persons in the target population be invited to par- 
ticipate.^ Implementation of this aspect of organised 
screening varies: invitations may be sent with an FOBT kit, 
can include physician recommendation or may incorpor- 
ate tailored messaging.^^ Some of these approaches, 
such as incorporation of physician recommendation, 
present significant implementation challenges for orga- 
nised screening programmes, such as those in Ontario. 

In 2009, the CCC programme undertook the CCC 
Invitation Pilot (the Pilot), an evaluation that tested the 
technical feasibility of a centralised approach to sending 
physician-linked mailed invitations for CRC screening. 
In this paper, we describe the structure and the imple- 
mentation of the Pilot. In addition, we report on partici- 
pant and physician factors associated with response to 
mailed physician-linked invitations and on the effective- 
ness of these invitations in Ontario's organised CRC 
screening programme. 

METHODS 

The Pilot— implementation and evaluation 

The CCC programme conducted the Pilot in November 
2009. Invitation letters were generated by the CCC pro- 
gramme on behalf of 102 family physicians and sent to all 
their eligible enrolled patients. Just over 11 000 eligible 
patient participants were sent mailed invitations request- 
ing them to visit their family physician to obtain an FOBT 
kit or, if appropriate based on family history, a referral for 
colonoscopy. In this paper, we report on two studies using 
this cohort. Study 1 examines participant and physician 
factors associated with response to the mailed invitation 
among those who were sent the mailed invitation. Study 2 



evaluates the effectiveness of the mailed invitation by 
comparing the uptake of CRC screening among study 1 
participants to that of a matched control group. All ana- 
lyses were conducted using SAS V.9 (SAS Institute, Cary, 
North Carolina, USA). A p value of 0.05 was used to 
determine statistical significance. 

Data sources 

The Pilot study was conducted at the Institute for 
Clinical Evaluative Sciences (ICES), which houses the 
administrative health records for all 13.5 million 
Ontarians. CCC programme databases were linked to 
the ICES administrative databases using an encrypted 
version of the provincial health insurance number. 

The ICES databases used include the Canadian Institute 
of Health Information (CIHI) databases, the Ontario 
Health Insurance Program (OHIP) Claims History 
Database, the Registered Persons Database (RPDB), the 
Ontario Cancer Registry, the ICES Physician Database and 
the Client Agency Program Enrollment (CAPE) registry. 
The CIHI, OHIP, RPDB, the Ontario Cancer Registry and 
the ICES Physician Database are described elsewhere. 
The CAPE registry tracks patients enrolled to physicians 
who participate in PEMs and is a centralised electronic 
record of the linkage between specific patients and their 
physicians. 

Since its inception, the CCC programme has collected 
data related to the FOBT kits administered by the CCC 
programme, including the results of these tests, using 
the Laboratory Reporting Tool (LRT) . 

Study 1: factors associated with response to the mailed 
invitation 

Cohort definition 

For the Pilot, a convenience sample of physicians partici- 
pating in PEM-type practices was recruited via Cancer 
Care Ontario's Provincial Primary Care Cancer Network. 
Patients enrolled to these physicians, aged 50-74 years 
without a history of CRC and who were due for CRC 
screening (without a health administrative data record 
of recent FOBT (previous 2 years) or lower gastrointes- 
tinal investigation including flexible sigmoidoscopy and 
colonoscopy (previous 5 years)), were eligible. For the 
Pilot mailing, CCC generated lists of patient participants 
eligible for CRC screening for each participating phys- 
ician using CAPE, Ontario Cancer Registry, OHIP and 
LRT. All persons who were sent an invitation were 
included in the cohort, regardless of whether the letter 
was returned to the sender. 

The mailing 

Invitations were mailed in November 2009. The date of 
mailing was the index date. The letters were compiled 
centrally by the CCC programme but were physician 
linked; patient participants were sent a letter from their 
own physician, as indicated by their name at the bottom 
of the letter in an italicised font (figure 1). The letter 
asked participants to visit their family physician for 
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Colon Cancer Check Controle Cancer Colorectal 



c 



SJ cancer cart 
Ontario 



From the office of Dr. George Black 

June 1,2009 

Lawren Harris 
456 Superior Street 
Lindsay ON K2L 3M4 



Dear Lawren Harris: 

You have received this letter because it is time to be screened for colon cancer. Our records 
as of April V\ 2009 show that you have never had a fecal occult blood test (FOBT) or we do not 
know when you had your last FOBT. All adults between the ages of 50 and 74 years who are at 
average risk for colon cancer should do a FOBT every two years. 

If your parent, brother, sister or child has had colon cancer, your risk is higher and you should 
have a colonoscopy. 

Please call my office to set up an appointment to talk about your risk for colon cancer and 
which test is right for you. 

If you have recently completed colon cancer screening, please disregard this letter. 

I look forward to hearing from you soon. 

Dr. George Black 
705-555-1212 



Colon cancer is the second most common cause of cancer death in Ontario 

• Colon cancer can develop without any early warning signs. 

• If it is caught early enough, 9 out of every 10 people can be cured. 

• Regular screening is the best way to catch colon cancer early. 

• The FOBT is a simple test that can be done at home. 

For more wformatiori please visit www, coloncancercheck. ca 



Tliis letter has been sent on my belialf by ColonCancerClieck (CCC). Ontario's colorectal cancer screening program. 
CCC is a collaborative initiative of tlie Ministry of Health and Long-Tenn Care and Cancer Care Ontario. If for any 
reason you do not wish to receive future correspondence from the program, simply call Uie ColonCancerCheck 
Infonnation Line at 1-866-662-9233 during business hours. 

Figure 1 Mock-up of physician-linked invitation used in the Pilot. 



screening; it did not include an FOBT kit. The letter 
was accompanied by a CRC screening information bro- 
chure and sent in an envelope with the family physician 
name in the front upper left corner. Pilot physicians 
were not compensated for study participation; however, 
they were able to apply the letter towards meeting the 
requirements for the CRC screening management fee 
($C6.86 per eligible enrolled patient). 

Response to mailed invitation 

We used a broad definition of response to the mailed 
invitation: any record of FOBT either in OHIP or in 
LRT within 6 months of the index date, regardless of the 
result (including rejected kits). Up to 10% of FOBT 
carried out in the province are captured only in OHIP, 



which does not have data on test results. We were not 
able to measure response in persons at increased risk of 
CRC as we do not have family history data available in 
the administrative databases. 

Participant and physician factors 

We characterised participants by age group, sex, comorbid- 
ity, median neighbourhood income,^^ health region,^^ 
immigration status and prior FOBT. We measured 
comorbidity by counting the number of Aggregated 
Diagnosis Groups (ADGs) using the Johns Hopkins ACQ 
Case-Mix System in the prior 12 months.^^ Mortalit)^ in a 
general population ambulatory cohort in Ontario was 
accurately predicted using this system.^^ We used date of 
registration in the RPDB as a proxy measure for 
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immigration status; participants were considered recent 
immigrants if their date of registration was within 5 years 
of the index date.^"^ 

Physicians were characterised according to age, sex, 
training location (Canada vs outside of Canada), practice 
type, size of practice, age-ehgible rate of colonoscopy or 
FOBT over the past 2 years as well as the age-eligible rate 
of annual physical exams or influenza vaccinations in the 
prior year. All participating physicians were in PEMs; 
practice types included family health groups (FHGs, 
enhanced fee-for-service models), family health organisa- 
tions or networks (FHO/FHNs, blended capitation 
models), FHO/FHN with family health team (FHO/ 
FHN-FHT, interprofessional team model with a blended 
capitation fee structure) and other PEMs.^^ We measured 
practice size as the number of enrolled patients stratified 
in a binary fashion (<1800 vs >1800 enrolled patients) as 
larger practice sizes have been shown to be associated 
with poorer preventative care.^^ For the remaining phys- 
ician characteristics, we identified all enrolled and 
non-enrolled patients aged 50-74 years in their practices 
as of the index date. Age-eligible FOBT and colonoscopy 
rates were obtained for each Pilot physician by calculating 
the proportion of their age-eligible patients who had had 
an FOBT or colonoscopy in the 2 years prior to the index 
date. Similarly, we calculated their rates of age-eligible 
annual physical examinations or influenza vaccine in the 
year prior to the index date. These variables were derived 
in order to estimate physician adherence to CRC screen- 
ing and preventive medicine practices at baseline. 

Analysis 

The number and proportion of persons in the cohort 
who responded to the mailed invitation within 6 months 
were determined overall and by participant and physician 
characteristics. Multivariate logistic regression modelling 
was used to identify participant and physician factors 
associated with response to the mailed invitation. In 
order to account for potential clustering of participants 
within physicians. Generalized Estimating Equations 
(GEE)^^ were used in the model. 

Study 2: evaluation of the effectiveness of mailed 
invitations 

Overview and study participants 

This was a matched double cohort analysis, comparing 
the uptake of FOBT in those who were sent a mailed 
invitation (Pilot cohort) to that of a matched control 
group who were not sent a mailed invitation. The 
control group comprised patients who were enrolled to 
PEM physicians who had not participated in the Pilot. 
Control participants received 'usual care' from the CCC 
programme in terms of screening promotion. As such, 
they were eligible for screening via their primary care 
physician who was eligible for the same financial incen- 
tives as the Pilot physicians. Control participants were 
not sent a centralised physician-linked invitation from 



the CCC programme, although their physicians could 
send them a mailed invitation at their own discretion. 

The Pilot cohort comprised all members of the cohort 
described in study 1 for whom a matched control could 
be identified. We identified potential controls as follows: 
(1) Pilot physicians were matched to non-Pilot physi- 
cians who were also practising in PEMs in a 1:5 ratio 
using physician age, sex, size and practice type; (2) indi- 
viduals enrolled to the selected control physicians were 
retained if they met the same inclusion/exclusion cri- 
teria as those in the intervention cohort (aged 50- 
74 years with no prior CRC who were due for CRC 
screening). As with the identification of eligible partici- 
pants in the Pilot, we used CAPE, Ontario Cancer 
Registry, OHIP and LRT to determine eligibility of 
potential control participants. 

Propensity scores that modelled the probability of 
belonging to the Pilot group were calculated for each par- 
ticipant in the entire group (Pilot and control). The vari- 
ables in this model included age (as a continuous 
measure), sex, comorbidity, median neighbourhood 
income quintile, health region, immigration status and 
FOBT from 2 to 5 years previously. Pilot participants 
were matched to controls in a 1:1 fashion based on pro- 
pensity scores using a calliper width of 0.25. This method- 
ology was implemented to balance the distribution of 
participant-level variables between the Pilot and control 
groups. 

Response to mailed invitation 

For our primary outcome, we defined response to the 
mailed invitation as in study 1, a record of FOBT regard- 
less of the result, within 6 months of the index date. For 
our secondary outcome, response was defined as a 
record of either FOBT or colonoscopy within 6 months 
of the index date. For the purposes of this study, con- 
trols were assigned the same index date as their 
matched counterpart in the Pilot group. 

Analysis 

Standard differences between the Pilot participants and 
controls were calculated for the variables included in the 
propensity score. Important differences between the two 
groups were defined by a standardised difference exceed- 
ing 0.1.2^ In the primary analysis, we compared the 
number and proportion in the Pilot and control groups 
responding to the mailed invitation with FOBT using 
McNemar's test.^^ We determined the number of invita- 
tions mailed in order to screen one additional person 
with FOBT. We repeated the above analyses using our sec- 
ondary outcome in order to determine if observed differ- 
ences in FOBT uptake could be attributed to differences 
in colonoscopy uptake (ie, participants had CRC screen- 
ing but chose colonoscopy over FOBT) . As the matching 
only accounted for participant-level variables, we 
repeated our analyses using conditional logistic regres- 
sion in order to adjust for physician covariates (age, sex, 
practice type and size) . 
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Table Patient for study UmiH^m^^^^H^^^I^I^Hm 




FOBT witliin 6 montlis 


No FOBT witliin 6 montlis 


Total 




(n=2503) 


(n=8799) 


(n=11 302) 


Patient participants 








Age group in years, n (%) 








oU— oy 


l^7y (51 ) 


coo/ /CH \ 

5384 (b1) 


bbb3 (59) 


60-69 


894 (36) 


2637 (30) 


OC 0 H /O H \ 

3531 (31) 


7\j—7^ 


ooO (13) 


-7-70 /o\ 

778 (9) 


1 1 08 (1 0) 


bex, n (%) 








Female 


1299 (52) 


ACC A /COX 

4554 (52) 


coco /co\ 

5853 (52) 


Ivlale 


1204 (48) 


Af^ AC 1 A 0\ 

4245 (48) 


C A AC\ 1 A 0\ 

5449 (48) 


^ uomorDiaity , numuer ot auus (%) 








i 


257 (10) 


1279 (15) 


1536 (14) 


^ 1-2 


000 /oo\ 

828 (33) 


00 A A inc\ 

3044 (35) 


00^0 /O A \ 

3872 (34) 


3-4 


-7 H 0 /00\ 

712 (28) 


00 A H /OC\ 

2241 (25) 


ooco /o/^\ 

2953 (26) 


5-6 


393 (16) 


H 00 A /H /I \ 

1224 (14) 


1617 (14) 


7+ 


OHO /H 0\ 

313 (13) 


101 1 (11) 


H 00 A /H 0\ 

1324 (12) 


Median neighbourhood income quintile, n (%) 








Rural 


394 (lb) 


H /I 0 H /H Ci\ 

1431 (lb) 


H OOC /H 0\ 

18^5 (lb) 


. Low urban 


360 (14) 


1375 (16) 


1735 (15) 


m \ 


402 (16) 


1418 (16) 


1820 (16) 




A 00 /H "7\ 

4^y (1 /) 


H /I or\ /H o\ 

1430 (lb) 


1859 (lb) 




432 (17) 


1552 (18) 


H 00 A /H 0\ 

1984 (18) 


High urban 


486 (19) 


H COO /H 0\ 

1593 (18) 


00^0 /H 0\ 

2079 (1 8) 


Health region, n (%) 








Ene bt Olair 


125 (5) 


337 (4) 


462 (4) 


South West 


284 (11) 


823 (9) 


1 107 (10) 


Waterloo Wellington 


76 (3) 


251 (3) 


327 (3) 


Hamilton Niagara 


289 (12) 


976 (11) 


1265 (11) 


uentrai west 


H 00 ICi\ 

138 (b) 


/IOO /c\ 

48^ (5) 


oor\ ic\ 
b^O (5) 


Mississauga Halton 


22 (1) 


120 (1) 


142 (1) 


Toronto Central 


111 (4) 


392 (4) 


503 (4) 


Central 


24 (1) 


1 77 (2) 


201 (2) 


Central East 


OOH /H /I \ 

3b1 (14) 


H 000 /H C\ 

1^8^ (15) 


H 0 /I 0 /H C\ 

1b43 (15) 


South East 


162 (6) 


697 (8) 


859 (8) 


Champlain 


219 (9) 


676 (8) 


895 (8) 


North Simcoe-Muskoka 


77 (3) 


188 (2) 


265 (2) 


North East 


291 (12) 


1118 (13) 


1409 (12) 


North West 


324 (13) 


1280 (15) 


1604 (14) 


1^ Recent immigrant, n (%) 


23 (1) 


88 (1) 


111 (1) 


IP FOBT 2-5 years prior to mailing, n (%) 


643 (26) 


905 (10) 


1548 (14) 


Pliysician 








Median age in years (IQR) 


52 (45-59) 


CO 1 A c c\\ 

53 (46-59) 


CO 1 AC CC\\ 

52 (45-59) 


bex, n (%) 








Female 


936 (37) 


00 A A inc\ 

3044 (35) 


0000 /oc\ 

3980 (35) 


Male 


1567 (63) 


5755 (65) 


—7000 ir^c\ 

12/22. (65) 


Training location, n (%) 








Outside Canada 


312 (12) 


1 196 (14) 


H COO /H 0\ 

1508 (13) 


In Canada 


OH nn /oo\ 
^191 (00) 


/bUo (ob) 


9/94 (0/) 


Practice type, n (%) 








rnLi 




/1 000 //1Q\ 

4^bb (4oj 


CQ/1Q 1 A~7\ 

iDo4o (4/j 


^ i_i r\ i_i N 1 

FHO/FHN 


432 (17) 


1456 (17) 


H 000 /H ^\ 

1888 (17) 


rnU/rHN-rn 1 


881 (35) 


^b^O (30) 


ocr^H /O H \ 

3501 (31) 


utner rbM 


108 (4) 


ACT /C\ 

457 (5) 


ccc /c\ 

5b5 (5) 


Practice size (enrolled patients), n (%) 








>1800 patients 


1105 (44) 


4104 (47) 


5209 (46) 


Age-eligible rate of colonoscopy quintile, n (%) 








Low 


485 (19) 


1619 (18) 


2104 (19) 


2 


548 (22) 


1940 (22) 


2488 (22) 


3 


637 (25) 


2279 (26) 


2916 (26) 
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Table Continued VIHIHIHIHIHIIIIIII^I^^^^^l^HHH 


FOBT within 6 montlis 


No FOBT witliin 6 montlis 


Total 


(n=2503) 


(n=8799) 


(n=11 302) 


A A ~7~7 /H C\\ 

4 4/ / (1 y) 


H /H 0\ 

ibyb (iy) 


OH "70 /H 0\ 

^173 (Iy) 


nign obb (14) 


i OOC (■\ A\ 


■i OOH A\ 

iD^I (14) 


Age-eligible rate of FOBT quintile, n (%) 






^ Low 4o7 (iy) 


H OOO /O H \ 

looo (^1) 


00-7C /O H \ 


£1 504 (^U) 


H OOO /O H \ 

loob (^1) 


0000 /O H \ 

^v3yO (^1) 


^^^1 O CrOO /OH \ 

o ooo (^1) 


H OOO /O H \ 

loyO (^1) 


0 A 00 /O H \ 


yi coo /o-i\ 

4 5^^ (^1) 


H OOO /H 0\ 

ibou (iy) 


0000 /H 0\ 

(Iy) 


Hign 457 (1o) 


1455 (17) 


H OH 0 /H -7\ 

lyl^ (17) 


Age-eligible rate of annual physical examinations quintile, n (%) 






1 i-NiAf Add. /or\\ 
LOW 4yb (^U) 


oooo /oo\ 
^UUy (^o) 


ococ /oo\ 


r\ A r\r\ 1 i~\r\\ 

^ 2 490 (20) 


H OOC /H 0\ 

1625 (18) 


0 H H C /H 0\ 

21 15 (19) 


Q AIO l^ Q\ 
W o 4/^ U^j 


1 OQQ /I Q\ 

1 OOO (1 y) 


OH H 0 /H Q\ 

^1 1 u (1 y) 


4 oUy (^U) 


H OOO /H 0\ 

Ibob (Iy) 


OH OC /H 0\ 

^lyo (Iy) 


nign ooD (^1 ) 


H Q/l H /OH \ 

1o41 (^1) 


OQ"7"7 /OH \ 
^0/ / (^1 ) 


Age-eligible rate of influenza vaccine quintile, n (%) 






Low 548 (22) 


1997 (23) 


2545 (23) 


2 549 (22) 


1765 (20) 


2314 (20) 


^ 3 435 (17) 


1930 (22) 


2365 (21) 


^ 4 485 (19) 


1770 (20) 


2255 (20) 


High 486 (19) 


1337 (15) 


1823 (16) 


*Connorbidity scored using number of ADGs using the Johns Hopkins Case Mix System. 



ADGs, Aggregated Diagnosis Groups; FHG, family health group; FHO/FHN, family health organisations or networks; PHI, family health team; 
FOBT, faecal occult blood test; Other REM, other patient enrolled model of care. 



RESULTS 

Study 1: factors associated with response to the mailed 
invitation 

There were 11 311 eligible patient participants asso- 
ciated with the 102 family physicians in the Pilot cohort. 
Nine participants were excluded, as we were unable to 
determine their health region and/or income quintile; 
this left 11 302 participants for the analysis. The majority 
of participants were 50-59 years of age, 52% were 
women, 48% had no or low comorbidity and 14% had 
completed an FOBT from 2 to 5 years prior to the 
mailing. Two- thirds of participants had a male physician, 
approximately half were part of a primary care team 
reimbursed via an enhanced fee-for-service arrangement 
and just under half were enrolled in larger practices 
(>1800 enrolled patients; table 1). 

In total, 2503 (22%) completed an FOBT within 
6 months of mailing. In the multivariate regression, the 
strongest participant factor associated with FOBT com- 
pletion was prior FOBT use (2-5 years prior vs >5 years 
or never: OR 2.8, 95% CI 2.5 to 3.3, p<0.0001). Other 
significant factors associated with FOBT completion 
included older participant age, greater comorbidity and 
having a female physician (table 2). 

Study 2: evaluation of the effectiveness of mailed 
invitations 

Of the 11 302 participants in study 1, 10 652 were suc- 
cessfully matched to 10 652 controls using propensity 
scores. Standardised differences for the participant 
characteristics included in the propensity score were all 



<0.1, indicating that the two cohorts were well matched 
for measurable potential confounders (table 3). 

Pilot participants were significantly more likely than 
controls to complete FOBT alone (2387 (22%) vs 854 
(8%), p<0.0001) and FOBT or colonoscopy (2664 
(25%) vs 1191 (11%), p<0.0001) within 6 months of 
mailing. The association between the mailed invitation 
and CRC screening participation (either FOBT alone or 
FOBT or colonoscopy) remained after adjusting for 
physician level characteristics (table 4). 

DISCUSSION 

In the current study, we have demonstrated that 
physician-linked mailed invitations are feasible and 
effective in the context of a large organised, population- 
based screening programme; only seven letters would 
need to be sent in order to screen one additional 
person. Furthermore, we have found that older partici- 
pants, those with greater comorbidity, those who have 
previously been screened and those with female physi- 
cians, were more likely to respond to this type of invita- 
tion. Our findings are of particular interest to other 
jurisdictions planning or who already have organised 
CRC screening. 

In other published studies of mailed invitations, an 
FOBT kit is often included with the invitation. Three 
studies carried out outside organised screening pro- 
grammes have found physician-linked invitations to be 
superior to non-linked invitations; two of these studies 
included an FOBT kit,^^ and the third study did 
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Table 2 Multivariate logistic regression analysis using S 


Generalized Estimating Equations for the characteristics of 


participants and physicians associated with completing an 


FOBT within 6 months of the mailing date 






OR (95% CI) 


p Value 


Participants 




m 


Age group, years 






50-59 


0.6 (0.5 to 0.8) 


<0.0001 


60-69 


0.8 (0.7 to 1 .0) 


MO 

No 


70-74 


Reference 


M A 


Sex 






Female 


0.9 (0.9 to 1 .0) 


MQ ^1 

IMo 


Male 


Reference 


M A 

NA 


Comorbidity*, Number of ADGs 




0 


0.7 (0.6 to 0.8) 




1-2 


0.9 (0.7 to 1 .0) 


MC 

No 


3-4 


1.0 (0.9 to 1.2) 


MO 

No 


5-6 


1.0 (0.9 to 1.2) 


MO 

No 


7+ 


Reference 


NA 


Median neighbourhood income quintile 


m 


Rural 


0.9 (0.7 to 1.1) 


MO 

No 


Low urban 


0.9 (0.7 to 1 .0) 


MC 

No 


2 


1.0 (0.8 to 1.1) 


MC 

No 


3 


1.0 (0.9 to 1.1) 


MC 

No 


4 


0.9 (0.8 to 1.1) 


MC 
No 


High urban 


Reference 


M A 

NA H 


Health region 






Erie St Clair 


1.3 (0.9 to 1.8) 


MC 

No H 


South West 


0.9 (0.6 to 1 .4) 


MC 

No 


Waterloo Wellington 


0.8 (0.6 to 1 .2) 


MC 

No 


Hamilton Niagara 


0.9 (0.6 to 1 .2) 


MO 

No 


Central West 


1 .0 (0.7 to 1 .4) 


MO 

No 


Mississauga Halton 


0.6 (0.3 to 1 .2) 


MO 

No 


Toronto Central 


0.8 (0.6 to 1 .2) 


MC 
NO 


Central 


0.5 (0.4 to 0.7) 


U.UUU4 


0<~vi i + Coot 

oouin bast 


U.o [U.o TO \ .o) 


MO 

No 


Champlain 


1 .0 (0.7 to 1 .4) 


MO 

No 


North Simcoe-Muskoka 


0.9 (0.6 to 1 .4) 


MC 
No 


North East 


1.1 (0.7 to 1.5) 


NS 


North West 


0.7 (0.5 to 1 .0) 


0.03 


Central East 


Reference 


NA 


Recency of immigration 






Remote or non-immigrant 


1.0 (0.6 to 1.6) 


NS 


Recent immigrant 


Reference 


NA 


Prior FOBT use 






2-5 years prior to mailing 


2.8 (2.5 to 3.3) 


<0.0001 


1^ >5 years or never 


Reference 




Physician 






Increasing age (per year) 


1.0 (1.0 to 1.0) 


MC 

No 


Sex 






Female 


1.3 (1.0 to 1.5) 




Male 


Reference 


M A 

NA 


Training location 






In Canada 


0.9 (0.7 to 1 .2) 


NS 


Outside Canada 


Reference 


NA 


Practice type 






FHG 


0.9 (0.7 to 1.1) 


NS 


FHO/FHN 


0.8 (0.6 to 1.1) 


NS 


Other PEM 


0.7 (0.4 to 1 .0) 


0.05 


FHO/FHN-FHT 


Reference 


NA 






Continued 



I 



Table 2 Continued 





OR (95% CI) 


p Value 


Practice size (enrolled patients) 




<1800 patients 


1.1 (0.9 to 1.3) 


No 


>1800 patients 


Reference 


MA 
1 nM 


Age-eligible rate of colonoscopy quintile 




Low 


1.1 (0.8 to 1.5) 


M<^ 

1 NO 


2 


1.2 (1.0 to 1.6) 


M<^ 

1 NO 


3 


1.0 (0.8 to 1.2) 


M<^ 

1 NO 


4 


1.0 (0.8 to 1.3) 


M9 
1 NO 


High 


Reference 


MA 


Age-eligible rate of FOBT quintile 




2 


0.9 (0.6 to 1 .3) 


NS 


3 


0.9 (0.7 to 1.2) 


NS 


4 


1.1 (0.8 to 1.4) 


NS 


High 


0.9 (0.7 to 1 .3) 


NS 


Low 


Reference 


NA 


Age-eligible rate of annual physical examinations quintile 


2 


1.4 (0.9 to 2.0) 


NS 


3 


1.3 (0.9 to 1.8) 


NS 


4 


1.3 (0.9 to 1.8) 


NS 


High 


1.1 (0.8 to 1.5) 


NS 


Low 


Reference 


NA 


Age-eligible rate of influenza vaccine quintile 




2 


1.0 (0.8 to 1.2) 


NS 




0.8 (0.6 to 1 .0) 


0.02 




0.9 (0.7 to 1 .2) 


NS 


High 


1.3 (1.0 to 1.7) 


NS 


Low 


Reference 


NA 


*Comorbidity scored using number of ADGs using the Johns 
Hopkins Case Mix System. 

ADGs, Aggregated Diagnosis Groups; FHG, family health group; 
FHO/FHN, family health organisations or networks; FHT, family 
health team; FOBT, faecal occult blood test; NA, not applicable; 
NS, not significant; Other PEM, other patient enrolled model of 
care. 



not.^^ Other studies have examined mailed invitations 
with FOBT kits in the context of primary care practices 
in the USA.^"^^^ While the results from these trials were 
largely supportive of mailed invitations, kit inclusion can 
make it difficult to separate the convenience of receiving 
the FOBT kit directly by mail from the impact of an invi- 
tation from one's own physician. 

Our study demonstrates the effectiveness and feasibil- 
ity of physician-linked invitations in the context of a 
large organised CRC screening programme with an esti- 
mated target population of over three million persons. 
Implementation in this context confers challenges in 
terms of technological infrastructure, privacy and regula- 
tory issues. There are two studies (from the UK^^ and 
Italy^^) that have reported on mailed invitations in the 
context of organised CRC screening programmes and 
found them to be effective. Both studies included 
FOBT kits and one studied the impact of physician 
endorsement specifically.^^ Our findings are important 
because they support a potentially more cost-effective 
approach that avoids wasting kits that are mailed but 
not used. 
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Table 3 Characteristics of the two cohorts matched by propensity score in study 2 ^illlllilllll^^^lll^^^^^^^^Hi 




Pilot participants 
(n=10 652) 


Control participants 
(n=1 0.652) 


Standardised 
difference* 


Participants 












Age group in years, n (%) 












50-59 


6248 


(59) 


6324 


(59) 


0.01 


60-69 


3342 


(31) 


3316 


(31) 




70-74 


1062 


(10) 


1012 


(10) 


0.02 


O ir^ /O/ \ 

bex, n (%) 












Female 


5548 


(52) 


5477 


(51) 


0.01 


Male 


5104 


(48) 


5175 


(49) 




^ Comorbidityt, number of ADGs (%) 












1 


1462 


(14) 


1425 


(13) 


0.01 


^ 1-2 


3647 


(34) 


3716 


(35) 




3-4 


2764 


(26) 


2835 


(27) 


0.02 


5-6 


1536 


(14) 


1473 


(14) 


0.02 


7+ 


1243 


(12) 


1203 


(11) 




Median neighbourhood income quintile, n (%) 












Rural 


1825 


(17) 


1889 


(18) 




. Low urban 


1628 


(15) 


1699 


(16) 


0.02 


1 3 


1698 


(16) 


1728 


(16) 




m I 


1728 


(16) 


1681 


(16) 


U.U1 


W ^ 


1831 


(17) 


1753 


(16) 


0.02 


High urban 


1942 


(18) 


1902 


(18) 




Health region, n (%) 












Ene bt Olair 


462 


(4) 


423 


(4) 


0.02 


South West 


1107 


(10) 


1114 


(10) 




Waterloo Wellington 


327 


(3) 


343 


(3) 




Hamilton Niagara 


1265 


(12) 


1290 


(12) 




uentrai west 


620 


(6) 


580 


(5) 




Mississauga Halton 


142 


(1) 


144 


(1) 




Toronto Central 


503 


(5) 


478 


(4) 




Central 


201 


(2) 


209 


(2) 




Central East 


1fi4'^ 




1702 






South East 






OC7 1 






Champlain 




\^) 




y^) 


H 


North Simcoe-Muskoka 




{^) 








North East 


1 


\ ' 


1 o / o 






North West 




(Q\ 
\P) 






H 


Recent immigrant, n (%) 


1 1 1 


M ^ 
V) 


1 C\R 


(■\\ 


■ 


P FOBT 2-5 years prior to mailing, n (%) 


1 A7f^ 

1 H- / D 




1 940 






Pliysician 












Median age in years (IQR) 


52 


(45-59) 


52 


(47-58) 


IV 1 A ^^^^^^^^^1 

NA ^^^^H 


Sex, n (%) 












Female 


3875 


(36) 


3335 


(31) 


NA ^^^^^H 


Male 


6777 


(64) 


7317 


(69) 




Practice type, n (%) 












FHG 


4854 


(46) 


4885 


(46) 


NA 


FHO/FHN 


1859 


(17) 


1718 


(16) 




FHO/FHN-FHT 


3374 


(32) 


3027 


(28) 




Other REM 


565 


(5) 


1022 


(10) 




Practice size (enrolled patients), n (%) 












>1800 patients 


5366 


(50) 


5026 


(47) 


NA 


*Standardised differences for physician level variables not reported as propensity scores were estimated using patient-level characteristics only 
tComorbidity scored using number of ADGs using the Johns Hopkins Case Mix System. 

ADGs, Aggregated Diagnosis Groups; FHG, family health group; FHO/FHN, family health organisations or networks; FHT, family health team; 
FOBT, faecal occult blood test; NA, not applicable; Other REM, other patient enrolled model of care. 



Our results highlight the critical role of physician rec- Cancer Screening Programme (BCSP) currently, the 
ommendation, a finding supported by others. For primary care physician receives the result but is not dir- 
example, in the National Health Service (NHS) Bowel ectly involved in the mailed invitation or the actual 
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Table 4 Association between mailed invitation and FOBT completion or mailed invitation and FOBT or colonoscopy 
completion after adjusting for physician factors 



1 


FOBT completion 




FOBT or colonoscopy 
completion 




OR (95% CI) 


p Value 


OR (95% CI) 


p Value 


Mailed invitation 










Yes (rllOt) 


o.o (o.l to O.O) 


<U.UUU1 


^.7 (^.5 to ^.y) 


<U.UUU1 


No (controls) 


Reference 


M A 

NA 


Reference 


M A 

NA 


Increasing age (per year) 


1 .0 (1 .0 to 1 .0) 


MO 

No 


1 .0 (1 .0 to 1 .0) 


0.03 


O^xy^ M /O/ \ 

bex, N (%) 










remaie 


\ .u (U.y TO 1 .1 j 


MQ 
IMO 


1 .u (U.y TO \ .1) 


No 


Male 


Reference 


M A 
IMA 


Reference 


M A 
NA 


rldUllUfc; lypu, IM \/o) 










FHG 


0.7 (0.6 to 0.8) 


<0.0001 


0.7 (0.7 to 0.8) 


<0.0001 


FHO/FHN 


0.8 (0.7 to 0.9) 


<0.0001 


0.8 (0.7 to 0.9) 


<0.0001 


Other REM 


0.8 (0.7 to 1.0) 


0.03 


0.8 (0.7 to 1.0) 


NS 


FHO/FHN-FHT 


Reference 


NA 


Reference 


NA 


Practice size (enrolled patients) 










<1800 patients 


1.2 (1.1 to 1.3) 


0.0004 


1.2 (1.1 to 1.3) 


<0.0001 


>1800 patients 


Reference 


NA 


Reference 


NA 



FHG, family health group; FHO/FHN, family health organisations or networks; FHT, family health team; FOBT, faecal occult blood test; 
NA, not applicable; NS, not significant; Other PEM, other patient enrolled model of care. 



screening. Recently, a randomised controlled trial con- 
ducted in the context of the BCSP showed that an 
endorsement letter from the primary care provider 
increased participation by 6%.^^ In two studies from 
Australia, endorsement improved initial participation^^ 
and over four successive screening rounds. 

Uptake of FOBT in Ontario is lower than that of some 
organised CRC screening programmes in other coun- 
tries. For example, 30% of Ontarians were up-to-date 
with FOBT in 2008-2009^^ compared to 52% participa- 
tion in the UK programme by October 2008,"^^ 54% in 
the Italian programme in 2007"^^ and 54% in the New 
Zealand pilot programme in 2012."^^ However, in the 
latter countries, there is very little, if any, opportunistic 
CRC screening using colonoscopy, whereas Ontario's 
programme operates in a hybrid environment where 
opportunistic colonoscopy is available as the initial 
screening test in persons at average risk. It has been 
noted that uptake of FOBT may be lower in settings 
such as Ontario or Australia,^^ where opportunistic 
screening is available. "^"^ The findings from the current 
study indicate that physician-linked invitations for CRC 
screening can be effective in increasing uptake of FOBT 
in programmes that operate in the context of opportun- 
istic colonoscopy for average risk screening. 

Our study has several limitations. First, we are unable to 
determine family history using Ontario administrative 
data. A second limitation is that a single generic letter was 
used. Tailored letters with key messages for specific sub- 
groups may be more effective — an approach that may be 
relevant in Ontario as we did find that response to the 
letter appeared to differ in various subgroups. 
Additionally, while our findings are promising, there are 
challenges to adoption by other population-based 



screening programmes, including the need for a centra- 
lised database that links patients to their physicians. 
Finally, implementation of this strategy in population- 
based screening is predicated on physician acceptability 
and agreement. While we have found that this approach is 
acceptable in principle to many Ontario physicians pro- 
cesses to confirm individual physician agreement have not 
been determined for the entire CCC programme which 
comprises an estimated 7000 primary care physicians. 



CONCLUSIONS 

In summary, we have demonstrated that physician-linked 
mailed invitations for CRC screening, even without the 
inclusion of an FOBT kit, can have a substantial effect on 
participation in an organised CRC screening programme 
and that it is technically feasible to centrally organise and 
mail physician-linked invitations on a large scale. Organised 
screening programmes, which often use unlinked invita- 
tions, should consider adopting this approach given its 
demonstrated effectiveness and feasibility 
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